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FINAL  REPORT  ON  WORK  PERFORMED  UNDER  ONR  CONTRACT  N0001U-76-C-0132,  (1975-80). 

By  John  J.  Spitzer,  M.D. 

Although  a  number  of  seemingly  different  studies  have  been  performed 
under  this  contract  during  the  last  5  years,  the  major  theme  of  investigation 
was  aimed  at  a  better  understanding  of  cellular  and  sub-cellular  damage  in  the 
myocardium  and  other  tissues  during  shock.  The  following  is  a  summary  of  the 
progress  in  the  various  areas  of  investigation: 

1.)  The  majority  of  the  progress  during  the  last  5  years  has  been  in  the  area 
of  the  deleterious  effects  of  shock  on  myocardial  metabolism.  The  studies  have 
been  conducted  on  various  levels  of  organization:  On  the  cellular  and  sub- 
cellular  levels,  as  well  as  on  the  level  of  the  whole  organism.  The  results 
revealed  that  in  the  course  of  shock  (whether  produced  by  the  administration  of 
endotoxin,  or  by  excessive  hemorrhage)  a  major  alteration  in  substrate  utiliza¬ 
tion  by  the  myocardium  is  produced  consisting  of  a  decreased  oxidation  of  fatty 
acids  and  an  increased  utilization  of  lactate.  These  changes  can  be  reproduced 
not  only  under  in  vivo  conditions ,  but  also  in  vitro,  by  the  addition  of  varying 
concentrations  of  E.  Coli  endotoxin.  Although  we  have  not  been  able  to  determine 
the  exact  molecular  mechanism  of  this  derangement  as  yet,  we  have  been  able  to 
ascertain  the  fact  that  changes  in  substrate  utilization  are  not  due  to  either 
the  altered  transport  of  fatty  acids  or  glucose  following  endotoxin  administration. 
Thus  the  translocation  of  these  metabolites  is  unaffected  by  shock  and,  therefore, 
the  cytosolic  or  mitochondrial  locations  are  the  two  sites  to  be  investigated  next. 
In  order  to  study  the  sub-cellular  damage  of  myocardial  metabolism,  however,  it  is 
necessary  to  develop  a  single  cell  preparation  in  which  this  problem  can  be 
investigated  relatively  easily.  Therefore,  we  turned  our  attention  to  the 
development  of  an  isolated  myocardial  cell  preparation,  which  would  behave  in  a 
physiologic  manner  and,  in  which  the  effect  of  various  cardiac  depressant  and 
cardiac  stimulant  agents  could  be  investigated.  Therefore,  we  have  developed  a 
myocardial  cell  preparation  which  is  reproducable ,  gives  us  a  good  yield,  is 
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viable  over  the  necessary  period  of  time,  and  is  also  tolerant  to  the  presence  of 
physiologic  concentration  of  calcium  ions.  These  cells  are  expected  to  serve 
as  excellent  tools  in  further  studies.  We  consider  the  achievement  of  obtaining 
these  useful  myocytes  a  major  progress  in  our  studies  and  are  now  utilizing  this 
cell  preparation  for  investigation  such  noxious  agents  as  hypoxia  and  ischemia, 
as  veil  as  such  potentially  useful  compounds  as  PGB^. 

2. )  Participation  of  the  changes  in  insulin  secretion  and  inactivation  as  veil 

-tn. 

as  glucagon  secretion  in  the  metabolic  response  to  injury.  We  and  other 
investigators  have  ascertained  that  folloving  trauma,  injury,  or  during  shock, 
the  plasma  concentration  of  glucagon  is  greatly  elevated  vhile  that  of  insulin 
may  not  be  altered  or  is  slightly  increased.  Therefore,  it  vas  of  interest  to 
further  investigate  the  effects  of  shock  on  the  secretion  of  these  hormones  by  the 
pancreas.  In  these  studies  ve  have  found  that  endotoxin  administration  sensitizes 
the  pancreas  to  the  physiologic  stimulus  of  insulin  secretion,  i.e.  glucose. 

Thus,  folloving  glucose  administration  in  the  endotoxin  treated  animals,  the 
pancreas  responded  vith  a  greatly  elevated  insulin  release.  We  also  studied  the 
inactivation  of  insulin  under  these  conditions  and  found  that  both  under  in  vivo 
and  jfi  vitro  conditions,  the  rate  of  inactivation  of  insulin  vas  not  altered. 

Thus,  the  hyperinsulinemia  folloving  glucose  administration  in  endotoxicosis  is  a 
phenomenon  due  to  alteration  of  pancreatic  0-cells  to  the  physiologic  signal, 
glucose. 

3.  )  Changes  in  glucose  turnover  folloving  endotoxin  administration.  Glucose 
turnover  is  increased  initially  and  remains  at,  or  above  normal  level  for 
several  hours  folloving  endotoxin  administration.  This  finding  indicates  that 
gluconeogenesis  is  able  to  keep  pace  vith  the  increased  peripheral  utilization 
of  this  metabolite  and  represents  a  remarkable  adaptation  by  the  organism  to  the 
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altered  demands  imposed  by  the  pathologic  insult.  On  the  other  hand,  we  have 
also  observed,  that  preterminally  the  gluconeogenic  ability  of  the  organism 
fails  and  thus,  glucose  turnover  decreases  resulting  in  pathologically  low 
glucose  concentrations  (15-20  mg/dl).  Such  low  plasma  glucose  concentrations 
are  not  able  to  supply  the  central  nervous  system  with  the  minimum  requirements 
of  this  metabolite. 

4.  )  Changes  in  the  contribution  of  lactate  and  alanine  to  gluconeogenesis 
during  shock.  In  the  animal  in  shock,  gluconeogenesis  is  primarily  maintained 
from  lactate,  a  metabolite  which  is  released  from  the  periphery  in  greater 

than  normal  quantities  under  these  conditions.  The  major  site  of  gluconeogenesis 
under  these  conditions  is  the  liver.  Alanine  also  contributes  to  this  process 
but  in  a  quantitatively  lesser  degree.  We  have  found  that  the  turnover  of 
lactate  was  greatly  elevated  following  endotoxin  administration,  which  is  not 
only  of  potential  survival  value  as  a  supplier  of  gluconeogenic  substrate,  but 
also  serves  as  an  alternative  oxidative  substrate  for  the  myocardium  under  these 
conditions  (see  Item  NO.  1  of  this  report).  This  is  another  example  of  physiologic 
adaptation  to  adverse  conditions.  As  long  as  the  adaptive  mechanisms  are  operative, 
useful  compensation  takes  place.  Whenever  the  adaptive  mechanisms  fail,  irreversible 
damage  is  inflicted.  Thus,  a  better  understanding  of  the  above-discussed  responses 
are  important,  if  we  hope  to  prevent  shock  and  trauma  to  cause  irreversible  damage. 

5. )  Alterations  in  myocardial  metabolism  in  diabetic  animals  during  shock.  A 
preliminary  has  also  been  undertaken  to  investigate  the  alterations  of  myocardial 
metabolism  in  diabetic  animals.  We  have  found  both  under  in  vivo  conditions  and 
also  in  vitro,  in  myocardial  homogenates,  that  the  heart  of  diabetic  animals  is 
not  readily  able  to  utilize  lactate  as  a  major  metabolite  for  its  metabolic 
needs.  This  may  have  practical  implications,  as  the  organism  which  is  in  shock 
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abounds  in  lactate,  which  under  normal  conditions  is  able  to  replace  fatty- 
acids  as  the  maj  substrates  for  myocardial  metabolism.  This,  however,  is 
not  the  case  in  the  diabetics  and  therefore,  a  major  defect  in  myocardial 
function  may  arise  from  the  inability  of  the  heart  to  oxidize  lactate. 

In  conclusion,  the  major  accomplishments  in  the  course  of  the  last  5 
years  have  been  to  clarify  the  metabolic  alterations  that  accompany  endotoxin 
shock,  primarily  with  regard  to  glucose  turnover  and  gluconeogenesis  from 
lactate  and  alanine.  Also,  the  alterations  in  myocardial  substrate  utilization 
have  been  identified,  and  the  significance  of  substrate  preference  characterized 
following  endotoxin  administration.  Furthermore,  a  useful  and  physiologically 
sound  isolated  myocardial  cell  preparation  has  been  developed  which  enables  us 
to  further  investigate  the  sub-cellular  effects  of  both  cardiac  depressant  factors 
and  also  cardiotonic  agents.  Although  much  has  been  accomplished,  it  is  quite 
clear  that  many  features  of  the  exact  sub-cellular  defects  caused  by  endotoxin 
administration,  or  any  other  form  of  shock,  still  remain  to  be  learned. 
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